The effects of progressive starvation for up to three days on the secretory functions of the intestine were investigated using in vitro and in vivo preparations of rat jejunum and secretagogues whose action was either through cyclic AMP or Ca". Initial starvation for 24 h (day 1) did not significantly alter the basal net electrogenic ion secretion measured in vitro as the short circuit current (Isc, [tamps/cm2) or the change in electrogenic ion secretion (A Isc) induced by the secretagogues. By day 2 of starvation, however, the maximum A Isc transient induced by the cholinergic and other secretagogues (A Isc=Isc max-basal Isc) was greatly increased (up to a maximum of 117%) compared with the fed controls on an area basis. The A Isc were even greater on day 3 of starvation. If a tissue weight basis was used to normalise the data the increase became even more marked. The enhancement in secretion was not caused by a decrease in absorptive capacity as glucose, added mucosally, gave larger increases in absorptive currents in the starved than in the fed jejuna. Bethanecol dose-A Isc response curves in fed and starved jejuna showed an increase in the maximum electrogenic secretion in the starved but no apparent change in the affinity of their cholinergic receptors mediating the enhanced secretion. The starvation-induced increase in secretion elicited by bethanecol was blocked by atropine, indicating that the receptors were muscarinic, but was unaffected by tetrodotoxin indicating that the enteric neural innervation was not essential for its expression. Noradrenaline released by tyramine was greater in the starved than the fed jejunum, suggesting that a decreased sympathetic tone was unlikely to be the major cause of the starvation induced secretory enhancement. Measurement of jejunal fluid movements in vivo showed that in fed controls and throughout the three days of starvation there was an unchanged net fluid absorption in the basal, unstimulated state. By day 2 and day 3 of starvation, however, bethanecol stimulated fluid secretion was very much greater than that of the fed controls. This increase in fluid secretion was concomitant with significant increases in the concentration of chloride in the lumenal fluid. Starvation thus appears to make the rat jejunum hypersensitive to cholinergic and other secretagogues, increasing the electrogenic secretion of chloride in vitro and that of chloride and fluid in vivo.
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These results obtained with the rat model give a new insight into possible mechanisms by which the diarrhoea of human famine and malnutrition may be expressed.
Recurrent images of famine and malnutrition victims have become all too familiar but it is less well known that in adults and children intractable diarrhoea is usually the terminal condition. Although there have been many studies on the effects of starvation and undernutrition on the absorptive functions of the small intestine in animals' and a few in man,6-no satisfactory explanation has been offered for this terminal diarrhoea seen in humans forced into starvation or severe undernutrition for extended periods.9"'3 Moreover, even if the malnourished victims are refed orally, the diarrhoea can often become exacerbated after a few days remission and threaten life." '4 While this diarrhoea of starvation and malnutrition has been known for millenia,9'3 few scientific investigations have been undertaken to characterise its cause. The diarrhoea is often attributed to bacterial infection but without adequate substantiation. Extensive bacteriological studies over the years, however, have indicated that only a relatively small percentage of the diarrhoea (about 15%) is caused by bacteria."'"' Helweg-Larsen et al" described three types of diarrhoea associated with human starvation and severe malnutrition observed in concentration camps, namely a progressive, afebrile 'hunger diarrhoea', an 'infectious diarrhoea' and an 'alimentary diarrhoea' caused by sudden realimentation. The hunger diarrhoea was by far the most prevalent. Roediger'3 suggested that the terminal diarrhoea of kwashiorkor and marasmus (corresponding to hunger diarrhoea) was the result of malnutrition of the enterocytes and colonocytes reducing their absorptive potential and capacity. Obvious ethical problems involved in controlled experiments with starving human victims has resulted in the intestine's secretory condition being practically ignored experimentally despite significant advances in our knowledge of the enterocyte's cellular mechanisms initially stimulated by work on cholera.'5-Because of the lack of studies focused on the mechanism for the diarrhoea of starvation and malnutrition we have investigated the use of the rat as an experimental model. In this study, we have starved rats for up to three days and examined the effects on the secretory activity of the jejunum both in vitro and in vivo. Between In those experiments where theophylline was added to induce secretion the methylxanthine (10 mM) was dissolved in a separate, warmed and gassed bicarbonate buffer solution which then replaced the normal mucosal and serosal buffers incubating the sheet (mucosal fluid=10 mM theophylline+10 mM mannitol, serosal fluid= 10 mM theophylline+ 10 mM glucose). Other secretagogues used in the stripped preparation included prostaglandin E2 (2-8 FtM), 5 hydroxy-tryptamine (50 ,uM), A23187 (5 ,tM), forskolin (10 ,uM) , and dibutyryl cyclic AMP (1 mM). In some experiments either tetrodotoxin (10 ,tM) , atropine (100 FtM), or furosemide (1 mM) were added to the serosal solution with the agonist acetylcholine (1 mM). (Table I) but on a 100 mg dry weight basis those for days 2 and 3 become significantly increased from the fed controls. The data for the secretory responses induced by the secretagogues in Table II have not been listed on a 100 mg dry weight but it is obvious that because of the decreases in jejunal dry weight (Table I) , placing the electrogenic secretory responses to the secretagogues on this basis will exaggerate further the increases observed on a unit area basis for day 2 and 3. This effect is shown clearly in Figure 1 using data for carbachol stimulated jejuna.
TIME COURSES OF CHANGES IN ISC INDUCED BY SECRETAGOGUES
The time courses of the changes in the Isc in fed and 72 h starved jejuna (unstripped) are shown in Figures 2 and 3 for the serosal addition of 1 mM carbachol (Fig 2) and 1 mM bethanecol (Fig 3) . The additions of 10 mM theophylline to both mucosal and serosal solutions are shown in Figure 4 . It is quite obvious from the time courses that all the secretagogues used induce a much greater secretory response, Isc, in the starved compared with the fed jejuna (see also  Table II ) but they also induce an increase in the total area under the time course graphs. This implies that not only is the maximum rate of secretion increased by starvation but so is the total amount of charge (ions) secreted. In Figure 5 the responses of fed and starved jejuna to the addition of 28 mM glucose to the mucosal bathing solution are shown. The 3 day starved jejuna responds with an 86% greater maximal increase (Isc fed=35 (5) [tamps/cm2, Isc starved=65 (7) [tamps/cm2, p<0 01)) and larger area (approximately + 78%) under the time course curve indicating a greater hexose linked electrogenic absorption of ions by the starved compared to the fed jejuna. shown for the fed and 72 h starved unstripped T_4 I Fu 1 T 1 I T jejuna. It is clear that the increase in electrogenic secretion in the 72 h starved jejunum is significStarved (8) antly greater over the fed for the whole range of bethanecol doses used. The data suggest an increase in the maximum secretory capacity of Z Fed (6) \ T the starved gut rather than any significant change in the affinity that gives the ED50 dose (fed jejuna=92 itmol, 72 h starved jejuna=64 [imol).
As bethanecol is known to be selective for muscarinic cholinergic receptor sites, the secretion induced by this agonist appears to be mediated via muscarinic rather than nicotinic T-n .*.receptors. The former are on enterocytes while phosphodiesterase, it increased the electrogenic secretory response of the starved jejuna by 117% (p<0 01). The direct addition of dibutyryl cyclic AMP to the starved jejuna induced a 61% increase in the secretory response (p<0 001) compared to the fed jejuna.
EFFECTS OF TOTAL REPLACEMENT OF CHLORIDE IONS ON BASAL AND SECRETAGOGUE INDUCED CURRENTS
The effects of replacing all the chloride in the bathing buffers by gluconate on the basal Isc in the fed and starved jejuna (unstripped) are shown in Table V and on the secretory Isc induced by the serosal addition of bethanecol over the dose range 10-3 to 10-5 M in Figure 7 .
The basal Isc fell by 73% in the fed jejunum and by 61-3% in the starved jejunum ( Table V) . The basal Isc in the presence of chloride was not significantly different between the fed and starved segments (p>0 05) but in the absence of chloride, the starved intestine had a significantly greater Isc (+50%, p<005) then the fed.
In the absence of chloride, the muscarinic agonist bethanecol caused only very small increases in the electrogenic secretion in the fed jejuna, the reductions in the secretory Isc's over the dose range used being in the range of 80 to 88%. In the starved gut, the secretory Isc's were still extremely small, the decreases being in the range 85 to 86% compared with those in the presence of chloride, but they were significantly greater than those in the fed at each dose of bethanecol used (p<0 01). That the reductions in basal Isc (Table V) and Isc (Fig 7) in fed and starved jejunum were the result of chloride lack per se and not to non-specific secondary effects of the ion's absence was shown by the maintenance of normal Isc changes on the addition of mucosal glucose (28 mM) . In the fed jejunum, glucose when added to the mucosal fluid, caused an increase in the Isc of 39 (4) [tamps/cm' (n= 10) in the presence and 33 (3) [tamps/cm2 (n=9) in the absence of chloride. The values for the starved jejunum were 77 (3) [tamps/cm2 (n=11) in the presence and 69 (6) [tamps/cm2 (n=9) in the absence of chloride. In both preparations the difference in current between the presence and absence of chloride ions was not statistically significant.
The results show that in both fed and starved intestine the basal current and the secretory currents induced by the cholinergic agonist are carried mainly by chloride ions to the mucosal fluid -that is, chloride secretion. Moreover, the increased secretory current of the starved intestine induced by the secretagogue is clearly carried mainly by the chloride ion. Further support for this conclusion is given in the next section with the use of furosemide, and inhibitor of chloride transport.
ACTIONS OF VARIOUS ANTAGONISTS IN STRIPPED JEJUNA
A number of antagonists were used to explore the characteristics of the electrogenic secretory currents induced by serosal acetylcholine in the stripped preparation (Table VI) . Acetylcholine (Table VI) showing that known to inhibit intestinal secretory activity, the acetylcholine is acting directly on the decreases in its concentration in fasting intestine enterocytes rather than through the enteric nerve could allow a hypersecretory state. In order to plexuses left in the stripped preparation. assess the endogenous levels of noradrenaline, Evidence that the acetylcholine is acting on unstripped intestinal sheets from fed controls muscarinic rather than nicotinic sites is shown by and the 3 day starved rats were treated with the fact that 100 FtM atropine reduced the tyramine in the presence of the monoamine induced secretory currents in both fed (-72%) oxidase inhibitor pargyline using the procedure and starved preparations (-84%) to the same described by Tapper et tyramine effect was very much greater than that 225-* 72hStarvedcontrols (n=24) observed in the fed sheets (Fig 9a, b) . The 0 72h Starved pargyline/tyramine 9 (n=12) addition of serosal noradrenaline had a great Table X . In the basal condition, both the fed and starved jejuna decreased the Cl concentration of the lumenal fluid below that of the initial fluid, but the comparative changes between the jejuna were not significant. In the stimulated state, both cholinergic secretagogues caused a significant increase in the Cl-concentration of the lumenal fluid but those in the starved jejuna were significantly greater than those in the fed intestine (carbachol +11-8%, p<0001, bethanecol +8 5%, p<001). The increased movement of fluid and of chloride into the lumen of the starved rat induced by secretagogues in vivo confirms that their action to increase the jejunal electrogenic secretion (A Isc) monitored in vitro is a valid index of fluid secretion.
Discussion
The results show clearly that between 24-48 hours of starvation the jejunum of the rat [9] 151 (4) 151 (4) -Basal [9] 141 (4) 144 (4) +2 NS Carbachol [9] 161 (3) 180 (5) +11 8
<0001
Bethanecol [9] 164 (4) Starvation decreases the turnover of noradrenaline in rats.38 As noradrenaline is known to reduce intestinal secretory activity'7380 it was possible that the hypersecretory response of the starved jejunum could have been partly a product of a reduction in the normal, basal sympathetic 'tone' of the enteric innervation. The experiments to ascertain whether the hypersecretory responses of the starved jejuna could be ascribed to such a decreased sympathetic tone showed that the amount of 'tyramine-releasable' adrenergic transmitter was obviously greater in the preparations of starved jejuna than in those from the fed controls suggesting an increased sympathetic tone. In this sense, it is clear that the hypersecretion could not be a direct result of the decrease in adrenergic stores in the nerve terminals ofthe starved gut. It must be admitted, however, that it could be argued that the greater amount of noradrenergic transmitter found in the wall ofthe starved jejuna was present perhaps because it is not as easily released from its nerve terminals. More experiments are needed to better resolve the phenomenon.
An obvious question arises from our choice of the rat as a model for studying the diarrhoea of famine and malnutrition -namely, does the intact, conscious rat actually suffer from this type of diarrhoea? Apart from the very real difficulty of actually defining what is meant by diarrhoea in an experimental animal, it is generally acknowledged by experimentalists that it is difficult to induce secretory diarrhoea in conscious intact rats. Yet all who have worked with rat colonies know that individual rats can show brown, fluid like staining of the fur around the anus which is attributed to very fluid faeces (diarrhoea ?). In the Sheffield colony, we found an incidence of this staining in the fed rats of approximately 7% (30/426) while the incidence was more than doubled in the 3 day starved animals (88/519=17%), but obviously we have no proof that such staining directly equates with an increased incidence of diarrhoea. A recent study, published at present only in abstract form by Fondacaro and his coworkers,4' offers an explanation as to why the intact, conscious rat is so resistant to the induction of secretory diarrhoea. They report that after dosing rats with oral cholera toxin, the excess fluid secreted by the small bowel was retained in the caecum which only allowed fluid to enter the colon at a rate that did not exceed its absorptive capacity. If the rats were caecectomised and then dosed with the cholera toxin, secretory diarrhoea could be induced with consistent results. The caecum of rats is known to be able to hold large amounts of fluid,42 indeed one basic characteristic of the germ free or pseudogerm free rat is its greatly enlarged, fluid filled caecum4243 but there is relatively mild or little diarrhoea. We hope to undertake experiments with caecectomised rats to see whether starvation induces a greater incidence of a 'diarrhoeal' state than in the caecectomised fed controls.
In the introduction to this study we mentioned that the diarrhoea of famine and malnutrition is often ascribed to infectious agents despite numerous studies reporting little or no obvious bacterial pathogens."'" Even if bacterial toxins are a factor in the diarrhoeal equation, however, our recent findings that the jejunum and ileum of starved and malnourished rats hypersecrete in response to challenge by Eschenrchia coli STa toxin44 and Staphylococcus aureus enterotoxin B45 indicate that starvation and malnourishment create intestinal secretory hypersensitivity, not only to secretagogues but also to bacterial enterotoxins.
We conclude that progressive starvation (after 24 hours) in the rat induces a secretory hypersensitivity of the jejunum to a variety of secretagogues (including bacterial toxins) that can be observed in vivo as increased fluid and chloride movement into the lumen and in vitro as increased electrogenic chloride secretion. These observations suggest possible mechanisms that may be operating in human small intestine in relation to the diarrhoea of starvation and malnutrition.
A further paper' describing the effects of progressive starvation on the secretory activity of the rat ileum when measured in vivo and in vitro will be published in a future issue. 
